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SPECIFICATION 

Process for preparing carbonyl sulfide 



This invention relates to a process for the preparation of carbonyl sulfide, which is useful as a raw 
material for the production of pesticides, pharmaceuticals and other chemicals, by reacting carbon 
5 monoxide with sulfur in the vapor phase. m 

Many proposals have been heretofore made to produce carbonyl sulfide with a high purity and at 
an enhanced yield. It is a recognition common to all of these proposals that when the vapor phase 
reaction of sulfur with carbon monoxide is carried out at an elevated temperature, e.g., exceeding 
5 1 0°C, carbonyl sulfide is inevitably thermally decomposed thereby producing carbon dioxide and 

1 0 carbon disulfide, and thus, the vapor phase reaction of sulfur with carbon monoxide should be earned 1 0 
out at a temperature of not higher than 5 1 0°C and as low as practically possible. For example, German 
Auslegeschrrft 1 ,222,024 discloses a process for preparing carbonyl sulfide of a high purity wherein 
carbon monoxide is reacted with sulfur in the vapor phase in the absence of acgjalvstat a temperature 
of from 350° to 51 0°C. Several processes are also known wherein the vapor phase reaction of carbon 

1 5 monoxide with sulfur is effected in the presence of a catalyst at a moderate temperature, for QX ^P^ m 1 5 
the presence of an aluminosilicate at a temperature of from 500° to 900°F, i.e., from 260° to 483 C 
(U S Patent 2 983 580)' in the prese nce of a meta l sulfide selected from Na?S, K 2 S, NiS, CrS, CoS, WS_ 
an d SnS at a temoeraliir^ of tn AM> U C IU,ta. Hffient d TMMnUM I n Um presence ol arTilkaline 
"Sarth metal compound at a temperature of from 250° to 450° C (U.S. Patent 4,078,045). 

20 However, the above-mentioned process wherein the vapor phase reaction is carried out in the 20 

absence of a catalyst at a temperature of from 350° to 51 0°C is not advantageous in that, first, the 
reaction rate is so low that a substantially long period is required for the completion of the reaction and 
thus a substantially large reactor is needed, and secondly, the reaction product contains a salient 
amount of unreacteg ; carbon monoxide. 

25 The above-mentioned processes wherein the vapor phase reaction is effected in the presence of a 25 

catalyst are advantageous in that a reaction product of a high purity can be obtained at a relatively low 
reaction temperature and in a relatively short reaction time. These processes are, however, not 
completely satisfactory in that, first, the catalyst must be completely dehydrated prior to the use the J£ of ' 
because water, if present, causes a side reaction of decomposing carbonyl sulfide in to h ydrogen sulfide. 

30 _andc a r*™" Hirmrig- s econdly, sulfur tends to be deposited onto the catalyst particles which deposition 30 
leads to reduction in the catalyst activity and to clogging of the catalyst bed; and thirdly, most of the 
conventional catalysts exhibits a relatively short catalyst life. 

It now has been found that carbonyl sulfide with a high purity can be produced even at a 
temperature exceeding 51 0°C in the absence of a catalyst by preparing a gaseous mixture of carbon 

35 monoxide and sulfur by a procedure where icLg arbgn monoxjdej s caused to bubble through molten 35 
sulfur maintained at a temperature of from 300° to440°C.ltIs surprising that, although the so ^ 
prepared gaseous mixture of carbon monoxide a^^to^maintained at a temperature exceeding 
51 0°C in the reaction zone, the thermal decompositfoTTOf carbonyl sulfide occurs only to a negligible 

extent. . . . 

40 In accordance with the process of the present invention, carbon monoxide is caused to budDie 40 

through molten sulfur maintained at a temperature of from 300° to 440°C, and the resulting gaseous 
mixtureTsntratrrrxnn^^ temperature exceeding 510°C but not higher than 650° C. 

A gaseous mixture of carbon monoxide and sulfur, to be fed to a. reaction zone, is prepared by 
causing carbon monoxide to bubble through molten sulfur . The molten sulfur s hould be maintained at a 

45 .temperatur e of from 300° to 440 ° C. W hen carbon monoxide is caused to bubble through the molten 45 
sulfur, molten sulfur is entrained by the bubbles of carbon monoxide whereby the evaporation of sulfur 
is accelerated and the desired gaseous mixture is prepared. The resulting gaseous mixture is comprised 
of (1 ) sulfur entrained and evaporated by the carbon monoxide bubbles, (2) sulfur evaporated frgrjJJie-^ 
free surface of the molten sulfur. (3) carbon monoxide and (4) carbonyl sulfide formed upon bubbUng of 

50" carbon monoxide. When the t e mpera ture of the molten sulfur is lower than 300° C, the amount of sulfur 50 
evaporated is too small. In contrast, at the temperature exceeding approximately 440°C, sulfur 
evaporates to an excessive extent (the boiling point of sulfur is 444.6°C), and hence, it becomes costly 
to recover unreacted sulfur from the gaseous reaction product withdrawn from the reactor. The 
temperature of the molten sulfur is preferably within the range of from 330° to 410°C, more preferably 

55 from 350° to 380°C. 55 
The amount of sulfur evaporated varies depending upon the amount of carbon monoxide blown 
into the molten sulfur ^nd the temperature of the molten sulfur. Particularly, the amount of sulfur 
evaporated is approximately in proportion to the amount of carbon monoxid o-.blown into the mofi& iL, 
suJfur^Accordingly, the proportion of sulfur to carbon monoxide in the resulting gaseous mixture can be 

6(Tmaimained substantially constant even when the flow rate in volume of carbon monoxide blown into 60 
the molten sulfur fluctuates, and, the proportion of sulfur to carbon monoxid can be controlled by 
varying the temperature of the molten sulfur. 

The molar ratio of sulfur to carbon monoxide should be at least approximat ly 1 .0. By the term 
"molar ratio of sulfur to carbon monoxide" herein used is meant the ratio of the number of sulfur atoms 
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to the number o fcarbon monoxide molecules. W hen the molar ratio is smaller than this, th<» gaseous 

. reaction p rod ucrwith drawn rr om t ne re actorcon tains a salient amo unt of unreacted carbon monoxide, 
leading t o reduction in tn punty- of the carbony I sulfide product. The rrtBlar ratio ot at least approximately — 
1 .0 is obtained by maintaining the molten sulfur at a temperature of at least 300°C. The molar ratio of 
5 sulfur to carbon monoxide is preferably in the range of from 1 .0 to 6.0, more preferably in the range of* 5 
from 1.4 to 3.0, which ranges are obtainable at the molten sulfur temperature of from 300° to 410°C 
and from 350°C to 380°C, respectively. The optimum molar ratio is approximately 1 .5, which is 
obtainable at the molten sulfur temperature of approximately 360°C. 

Since the a mount of sulfur ev aporated is approximately in proportion to the amount of carbon 
1 o monoxide blown into the molten sulfur, the amount of the carbon monoxide is not particularly limited 1 0 
but may be varied depending upon the capacity of the reactor used. The flow rate ofcarbon monoxide, 
the pressure thereof and the position at which the carbon monoxide is blown into the molten sulfur 
should preferably be determined so that the molten sulfur is caused to be in a turbulent state in the 
vicinity close to the free surface, from which the molten sulfur is splashed in the form of not large hut 
1 5 minute particulates. Thus, carbon monoxide may be blown into the molten sulfur at a suitable depth 1 5 
which varies depending upon the flow rate and pressure of the carbon monoxide, which depth is usually " 
in the range of from 5 mm to 50 cm below the free surface of the molten sulfur. When the blowing 
depth is too small, the desired amount of sulfur does not evaporate. In contrast, when the blowing depth 
is too Iarge,the desired gaseous mixture cannot be formed unless the blowing pressure is increased to a 
20 great extent. Usually, the flow rate of the carbon monoxide and the blowing pressure (gauge pressure) 20 
may be in the ranges of from O.T to 10 Nm 3 /hr, per m 2 of the cross-section of the reactor, and from 1 
cmH 2 0 to 1 00 cmH 2 O r respectively. 

The gaseous mixture formed in the above-mentioned manne r is maintained at a temperature 
exceeding 510°C, but not higher than 650°C, whereby sulfur and carbon monoxide are reacted with 
25 each other. The reaction temperature is preferably in the range of from 530° to S00°C. At the reaction 25 
temperature of not higher than 5 1 0°C, the reaction rate is very low. In contrast, at the reaction 
. temperature higher than 650°C, the thermal decomposition of carbonyl sulfide occurs to a considerable 
extent thereby producing salient amounts of carbon dioxide and carbon disulfide. 

The reaction period, i.e., the contact time r may be varied depending on the reaction temperature, 
30 and usually in the range of one second to five minutes. Preferably, the contact time is in the range of 30 
from three seconds to twenty seconds. Contact time exceeding five minutes invites the thermal 
decomposition of carbonyl sulfide. The vapor phase reaction is carried out in either atmospheric or 
superatmospheric pressure. It is convenient, however, to effect the reaction at a slightly 
superatmospheric pressure which is generated by blowing carbon monoxide into the molten sulfur. 
35 The type of the reactor used is not particularly limited. One preferable type is a vertically arranged 35 
cylindrical reactor provided with a molten sulfur reservoir at the bottom thereof. The wall of the reactor 
may be made of or lined with an anticorrosion material, such as trtanium or a titanium-rich alloy. 

The gaseous rection product withdrawn from the reactor contains a salient amount of sulfur vapor. 
Such gaseous reaction product may be purified as follows. The gaseous reaction product is cooled 
40 preferably to a temperature of from 1 20° to 1 50°C whereby -a substantial part of the sulfur vapor is 40 
condensed to be separated. Then, the gaseous reaction product which contains a minor amount of 
sulfur in the form of mist, is brought into contact with molten sulfur maintained preferably at a 
temperature of from 120° to 1 50°C whereby the mist of sulfur is substantially removed from the 
gaseous reaction product. Thereafter, the gaseous reaction product is passed through a column packed 
45 with anticorrosive packing materials thereby to remove the remaining sulfur. If desired, the gaseous 45 
reaction product may be brought into contact with water thereby to remove completely the remaining 

sulfur. 

TXb e_aaseous reac tin g pmHurt fro mlfl3T?ch unrescte r j isn^^ 00 been recovered, is preferably 
comprised of, by weight, at least 97% of carbonyl sulfide, less than 2% ofcarbon monoxide, less than 
50 0.2% of carbon dioxide and less than 0.2% of carbon disulfide. The gaseous reaction product of such a 50 
composition may be further purified in a conventional manner, if desired. 

The advantages of the process of the invention are summarized as follows. First although the 
vapor phase reaction is conducted at a higher temperature compared with those employed in 
conventional processes, carbonyl sulfide is obtained with a high purity. Even if the required amounts of 
55 gaseous sulfur and carbon monoxide are blended with each other and the resulting gaseous mixture is 55 
maintained at a temperature similar to that employed in the process of the invention, the resulting 
carbonyl sulfide is of a far lower purity. This is because the thermal decomposition of carbonyl sulfide 
produced would occur to a great extent. It is surprising that when carbon monoxide is caused to bubble 
through molten sulfur and the resulting gaseous mixture is placed under the stated reaction conditions, 
60 the thermal decomposition of carbonyl sulfide occurs only to a negligible extent thereby obtaining 60 
carbonyl sulfide with a high purity. It is presumed that the sulfur present in the gaseous mixture 
prepared in the process of the invention is of a special molecular configuration which is not liable to be 
thermally decomposed. 

Secondly/the proportion of sulfur to carbon monoxide present in the gaseous mixture does not 
65 vary to an appreciable extent, even when the flow rate in volume of carbon monoxide blown into the . 55 
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molten sulfur fluctuates. Therefore, the proportion of sulfur to carbon monoxide can be easily 
maintained at a constant. Furthermore, the proportion of sulfur to carbon monox.de can be easily 
controlled merely by varying the temperature of the molten sulfur. Thirdly the t ^f t f^ ^ a °lt the 
shortened and the reaction apparatus can be of a minimal size. Fourthly, due to no use of a catalyst, the 
5 reaction apparatus is not complicated and both operation and equipment costs are low. ^'Y-™ 
molten sulfur is maintained at a temperature lower than the boiling point and hence, the quantity or 

heat is small. . , 

The invention will be further illustrated by the following examples. 

i o rticaHy 2 arranged cylindrical reactor having an inner diameter of 5 cm, made of titanium and 

provided with a molten sulfur pool at the bottom was ,.spd . Carbon monoxide wa s continu ously blown 
into the molten sulf ur at a po sition 3 cm below the free surface of die molten suuur a L clTow rate * ot _3 
-fnoTeiThr and a gauge pressure of 0.2 kg/cm 2 . The molten sulfur was maintained at a temperature i of 
approximately 360°C. The molten sulfur was in a turbulent state m the vicinity close to ^the free surface. 

1 5 The free surface of the molten sulfur was covered by bubbles formed of thin molten sulfur fi ms from 
which surface minute particulates of molten sulfur were splashed. The molar ratio of sulfur £ carbon 
monoxide present in the gaseous mixture formed from the bubbles was 1 .5 The gaseous mixture was 
manned at a temperature of 575°C in the reaction zone above the molten sulfur pool whereby sulfur 
and carbon monoxide were reacted with each other. The reaction time was approximately 4 .seconds. 

20 The gaseous reaction product was cooled to an ambient temperature whereby unreacted sulfur is 
condensed to be recovered. The resultant product had the composition shown in Table I be low 

For a comparison purpose, a flow of carbon monoxide and a flow of sulfur vapor were joined and 
blended together at a temperature of 420°C at the S/CO molar ratio of 1 .5/1 . The resultant saseous 
mixture was placed under conditions similar to those mentioned above whereby carbon monoxide and 

25 sulfur were reacted with each other. The gaseous reaction product was punfied to remove sulfur 
therefrom in a manner similar to that mentioned above. The resultant product had the composite 
shown in Table I, below. 

TABLE I 



Example Nos. 


Composition of Gaseous product 
(wt. %) 




COS 


CO 


co 2 cs 2 


1 


97.5 


1.9 


0.35 0.25 


2 (Comparative) 


32.3 


8.5 


30.2 29.0 



10 



15 



20 



25 



30 



30 ^"^is exampfe illustrates the influence of the temperature of the molten sulfur upon the purity of 

Carb °Follow7n| a P procedure similar to that mentioned in Example 1 . carbon monoxide was caused to 
bubble at a flow rate of 0.5 mole/hr through molten sulfur maintained at vanous t e^P e ; a _ t "^_ s r°^ n 10 
Table II below. Each gaseous mixture, so obtained, was maintained at a temperature of 550 t. tor a 
35 Sod of 8 seconds. The respective gaseous reaction products were purified to remove unreacted _sulfur 35 
therefrom in a manner similar to that mentioned in Example 1 . The resumng gaseous products had the 
compositions shown in Table II, below. 



TABLE II 



Example Nos. 


Temperature 
of molten S 
(°C) 


S/CO ratio 
in gaseous 
mixture 
(by mole) 


Composition of gaseous product 
(wt. %) 


COS 


CO 


co 2 


CS a 


3 (Comparative) 


290 


0.4 


68.0 


31 .8 


0.1 


0.1 


4 


326 


1.1 


93.1 


6.5 


0.2 


0.2 


5 


356 


1.5 


97.9 


1.8 


0.15 


0.15 


6 . ,;s \ . 


400 


::■ 5.2 ; 


97.5 


2.2 


0.15 


0.15 
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EXAMPLE 7 u 

This example illustrates the influence of the reaction temperature upon the punty of carbonyl 
sulfide produced. 

Following a procedure similar to that mentioned in Example 1, gaseous mixtures of sulfur and 
5 carbon monoxide were prepared and the respective gaseous mixtures were maintained at various 
temperatures shown in Table HI, below, whereby sulfur and carbon monoxide were reacted with each 
other. The respective gaseous reaction products were purified to remove unreacted sulfur therefrom in a 
manner similar to that mentioned in Example 1 . The resulting gaseous products had the compositions 
shown in Table 111, beiow. 

TABLE III 



Example Nos. 


Reaction 
temperature 


Composition of gaseous product 
(wt. %) 


(■C) 


COS 


CO 


C0 2 


CS, 


7- (Comparative) 


500 


59.5 


40.15 


0.2 


0.15 


8 


520 


92.5 


7.15 


0.2 


0.15 


9 


530 


97.7 


1.9 


0.2 


0.2 


10 


550 


98.0 


1.7 


0.15 


0.15 


11 


580 


97.5 


2.0 


0.3 


0.2 


12 


600 


96.5 


2.9 


0.35 


0:25 


13 


630 


93.5 


3.5 


1.7 


1.3 


14 


650 


90.1 


3.1 


3.8 


.3.0 


15 (Comparative) 


670 


33.6 


3.0 


32.1 


31.3 



(^__>!3^f ! process for preparingc arbonyl sulfide w herein carbon monoxide is reacted with sulfur in the 
vapor phase, which comprises the^steps of: * 

ranging r;arnn mgnoxide_t o bubble through molten sulfur maintained at a temperature of from 
300 ff To"?40 o C, and; 

maintaining the resulting gaseous mixture at a temperature exceeding 51 0°C but not higher than 
650°C. 

2. A process according to claim 1 wherein the molten sulfur is maintained at a temperature of 
from 330° to 410° C. 

3. A process according to claim 2 wherein the proportion of sulfur to carbon monoxide, both 
present in the gaseous mixture, is in the range of from 1 .0/1 to 6.0/1 by mole. 

4. A process according to claim 1 wherein the molten sulfur is maintained at a temperature of 
from 350° to 380° C. 

5. A process according to claim 4 wherein the proportion of sulfur to carbon monoxide, both 
present in the gaseous mixture, is in the range of from 1 .4/1 to 3.0/1 by mole. 

6. A process according to claim 1 , 2 or 4 wherein the carbon monoxide is caused to bubble 
through the molten sulfur by blowing the carbon monoxide at a flow rate of from 0.1 to 1 0 Nm 3 /hr, per 
m 2 of the cross-section of the reactor, and a blowing pressure (gauge pressure) of from 1 cmH 2 0 to 1 00 
cmH 2 0 into the molten sulfur at a position of from 5 mm to 50 cm below the free surface thereof; the 
flow rate of the carbon monoxide, the blowing pressure thereof and the position at which the carbon 
monoxide is blown into the molten sulfur being determined so that the sulfur is caused to be in a 
turbulent state in the vicinity close to the free surface, from which the molten sulfur is splashed in the 
form of minute particiates. 

7. A process according to any one of the preceding claims wherein said gaseous mixture is 
maintained at a temperature of from 530° to 600°C. 

8. A process according to any one of the preceding claims, wherein said gaseous mixture is 
maintained at said reaction temperature for a period of from one second to five minutes. 

9. A process according to any one of the preceding claims wherein said reaction of sulfur with 
carbon monoxide is effected in a reactor, the wall of which is made of titanium or a titanium-rich alloy, 

40 or the inner wall of which is lined wfth titanium or a titanium-rich alloy. 
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1 0. A process according to any one of the preceding claims which further comprises the steps of: 
cooling the gaseous reaction product thereby condensing the unreacted sulfur and, 
recovering the condensed sulfur with water. . 

1 1 . A process for preparing carbonyl sulfide as claimed in claim 1 substantially as herein before 
5 described in any one of the examples 1 , 4 to 6, and 8 to 1 5. . 

1 2. Carbonyl sulfide when produced by a process as claime d in any one of the preceding claims. 
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